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Provided is a method and apparatus of generating signals for 
initial ranging in an Orthogonal Frequency Division Multiple 
Access (OFDMA) system. The method, includes: generating 
a plurality of ranging symbols by cyclic-shifting sample data 
of a ranging symbol in one OFDMA symbol period as much 
as a value obtained by multiplying a cyclic pre?x siZe by a 
symbol index; generating a ranging signal by copying a rear 
part corresponding to the cyclic pre?x siZe in the sample data 
With respect to each of the ranging symbols and inserting the 
copied rear part in front of the sample data as a cyclic pre?x. 
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METHOD AND APPARATUS OF 
GENERATING SIGNALS FOR INITIAL 

RANGING IN OFDMA SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a method and appa 
ratus of generating signals for initial ranging in an Orthogonal 
Frequency Division MultipleAccess (OFDMA) system; and, 
more particularly, to a method and apparatus of generating 
signals for initial ranging in the same procedure With no 
regard to increase of the number of continuous symbols. 
[0002] This Work Was supported by the IT R&D program 
for MIC/IIIA [2005-S-002-03, “Development of cognitive 
radio technology for e?icient spectrum utiliZation”]. 

BACKGROUND ART 

[0003] In an Orthogonal Frequency Division Multiple 
Access (OFDMA) system, signals transmitted from terminals 
should arrive at a base station at reference timing. The base 
station estimates timing offset of the signals transmitted from 
the terminals and controls transmission timing of the termi 
nals located in different places based on the estimation result, 
thereby synchronizing timing of the reception signal of ter 
minals. Therefore, an initial ranging procedure for control 
ling transmission timing before data transmission is required 
for the terminal to make a neW access to the base station. 

[0004] The initial ranging is performed based on a Pseudo 
Random (PN) code in conventional Institute of Electrical and 
Electronics Engineers (IEEE) 802.16. Each terminal ran 
domly selects a ranging code and transmits the selected rang 
ing code to a randomly selected ranging sub-channel. The 
base station detects a ranging signal through a correlated 
operation of all available ranging codes in each ranging sub 
channel and estimates time offset for the received signal. 
Accordingly, transmission poWer of the terminal can be con 
trolled in an initial ranging procedure by estimating the recep 
tion poWer of the received signal. 
[0005] Since the timings that the initial ranging signal 
arrives at the base station are different according to a distance 
betWeen the terminal and the base station and it is dif?cult to 
predict the timing, a ranging signal generated to be the same 
ranging code of more than tWo symbols should be transmit 
ted. The number of symbols forming the ranging signal may 
increase according to a propagation delay time due to the cell 
range of the system. When phase betWeen tWo symbols is 
discontinuous, Inter-carrier interference (ICI) occurs in a fre 
quency domain, thereby deteriorating detection performance. 
Accordingly, phase should be designed in a continuous for 
mat betWeen neighboring symbols. 
[0006] In the conventional IEEE 802.16, When a format of 
a time domain symbol having a sample number NFFT of a Fast 
Fourier Transform (FFT) siZe after Inverse FFT (IFFT) of the 
ranging code is as shoWn in FIG. 1(a), tWo symbols generated 
as the same code as shoWn in FIG. 1(b) are continuously 
transmitted. The siZe of each symbol has a symbol siZe Nsym 
Where a sample sequence of a cyclic pre?x (CP) siZe NCP is 
copied and inserted. In order to maintain continuity of the 
phase betWeen tWo symbols, a ?rst symbol uses a general 
cyclic pre?x inserting method. On the other hand, a secondly 
transmitted symbol uses a method of forming the symbol 
after IFFT to be close to the ?rst symbol, copying a front 
section of the symbol of the cyclic pre?x siZe and inserting the 
copied front section to a rear part. 
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[0007] In this second symbol generating procedure, a sig 
nal processing method and a buffer may be required in addi 
tion to a general cyclic pre?x inserting method. Also, When 
the cell region of the system increases and more than three 
ranging symbols are required as initial ranging, a neW method 
should be de?ned. FIG. 2 shoWs an example of a symbol 
format in case Where more than three symbols are required. 
FIG. 2 shoWs that a procedure of a neW method for moving a 
sample inside a symbol, and copying and inserting a sample 
of a cyclic pre?x siZe is required. Therefore, the conventional 
method has a problem that the more the number of symbols 
increases, the more the complexity increases. 

DISCLOSURE 

Technical Problem 

[0008] An embodiment of the present invention is directed 
to providing a method and apparatus for simply generating a 
signal for initial ranging based on a characteristic of Inverse 
Fast Fourier Transform (IFFT) Without an additional signal 
process of a time domain and a symbol buffer in an Orthogo 
nal Frequency Division Multiple Access (OFDMA) commu 
nication system. 
[0009] Another embodiment of the present invention is 
directed to providing a method and apparatus for simply 
generating a plurality of symbols Which can maintain conti 
nuity of a phase based on one equation With no regard to the 
number of OFDMA symbols required in initial ranging. 
[0010] Other objects and advantages of the present inven 
tion can be understood by the folloWing description, and 
become apparent With reference to the embodiments of the 
present invention. Also, it is obvious to those skilled in the art 
of the present invention that the objects and advantages of the 
present invention can be realiZed by the means as claimed and 
combinations thereof. 

Technical Solution 

[0011] In accordance With an aspect of the present inven 
tion, there is provided a method for generating a signal for 
initial ranging of an Orthogonal Frequency Division Multiple 
Access (OFDMA) system, including: generating a plurality 
of ranging symbols by cyclic-shifting sample data of a rang 
ing symbol in one OFDMA symbol period as much as a value 
obtained by multiplying a cyclic pre?x siZe by a symbol 
index; generating a ranging signal by copying a rear part 
corresponding to the cyclic pre?x siZe in the sample data With 
respect to each of the ranging symbols and inserting the 
copied rear part in front of the sample data as a cyclic pre?x. 
[0012] In accordance With another aspect of the present 
invention, there is provided a method for generating an initial 
ranging signal of an OFDMA system, including: performing 
Binary Phase Shift Keying (BPSK) modulation by generating 
a ranging code; generating symbols phase-rotating the modu 
lated ranging code according to a symbol index and a subcar 
rier index as many as L numbers meaning a ranging symbol 
number, Which is a natural number equal to or larger than 2, in 
consideration of a ranging symbol index; mapping the con 
stellation symbols to a subcarrier according to the subcarrier 
index, transforming the constellation symbols into symbols 
of a time domain, and generating sample data of L ranging 
symbols; copying a rear part corresponding to a cyclic pre?x 
siZe in the sample data With respect to each of the ranging 
symbols and inserting the rear part in front of the sample data 
as a cyclic pre?x. 
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[0013] In accordance with another aspect of the present 
invention, there is provided an apparatus for generating a 
signal for initial ranging of an OFDMA system, including: a 
ranging code generator for generating a ranging code; a rang 
ing channel former for modulating the ranging code, gener 
ating symbols phase-rotating the modulated ranging code 
according to a symbol index and a subcarrier index as many as 
L ranging symbols in consideration of a ranging symbol 
index, and mapping the constellation symbols to subcarriers 
according to the subcarrier index; a transformer for trans 
forming the symbol mapped to the subcarrier into symbols of 
a time domain and generating sample data of the ranging 
symbols; a cyclic pre?x inserter for copying a rear part cor 
responding to a cyclic pre?x siZe in the sample data with 
respect to each of the ranging symbols, inserting the rear part 
in front of the sample data as a cyclic pre?x, and generating an 
initial ranging signal. 
[0014] In accordance with another aspect of the present 
invention, there is provided an apparatus for generating an 
initial ranging signal of an OFDMA system, including: a 
symbol data generator for cyclic-shifting sample data of a 
ranging symbol in one OFDMA symbol period as much as a 
value obtained by multiplying a cyclic pre?x siZe by a symbol 
index and generating a plurality of ranging symbols; and a 
cyclic pre?x inserter for copying a rear part corresponding to 
the cyclic pre?x siZe in the sample data with respect to each of 
the ranging symbols and inserting the rear part in front of the 
sample data as a cyclic pre?x. 

ADVANTAGEOUS EFFECTS 

[0015] Compared with a conventional method, the present 
invention having the con?guration described above does not 
require an additional signal processing and a buffer for gen 
erating a ranging symbol used in an initial ranging procedure 
performed in an Orthogonal Frequency Division Multiple 
Access (OFDMA) system. Also, the present invention can 
simply generate a plurality of symbols maintaining continuity 
of phase based on one equation with no regard to the number 
of symbols used in initial ranging. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1(a) shows an example of a ranging symbol 
after Inverse Fast Fourier Transform (IFFT) and FIG. 1(b) 
shows a con?guration and generation method of an initial 
ranging symbol of Institute of Electrical and Electronics 
Engineers (IEEE) 802.16 in case of two symbols. 
[0017] FIG. 2 shows a con?guration and generation method 
of an initial ranging symbol of IEEE 802.16 in case of three 
symbols. 
[0018] FIG. 3 is a block diagram showing an apparatus for 
generating an initial ranging signal in accordance with an 
embodiment of the present invention. 
[0019] FIG. 4 is a ?owchart describing a method for gen 
erating an initial ranging signal in accordance with an 
embodiment of the present invention. 
[0020] FIG. 5 is a ?owchart illustrating a ranging symbol 
generating step S402 of FIG. 4. 
[0021] FIG. 6 is a ?owchart describing a method for gen 
erating an initial ranging signal in accordance with another 
embodiment of the present invention. 
[0022] FIG. 7 shows a con?guration and generation method 
of the initial ranging symbol in case of two symbols in accor 
dance with an embodiment of the present invention. 
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[0023] FIG. 8 shows a con?guration and generation method 
of the initial ranging symbol in case of three symbols in 
accordance with the embodiment of the present invention. 

BEST MODE FOR THE INVENTION 

[0024] The advantages, features and aspects of the inven 
tion will become apparent from the following description of 
the embodiments with reference to the accompanying draw 
ings, which is set forth hereinafter. Therefore, those skilled in 
the ?eld of this art of the present invention can embody the 
technological concept and scope of the invention easily. In 
addition, if it is considered that detailed description on a 
related art may obscure the points of the present invention, the 
detailed description will not be provided herein. The pre 
ferred embodiments of the present invention will be described 
in detail hereinafter with reference to the attached drawings. 
[0025] FIG. 3 is a block diagram showing an apparatus for 
generating an initial ranging signal in accordance with an 
embodiment of the present invention. As shown in FIG. 3, an 
initial ranging signal generating apparatus 300 includes a 
symbol data generator 302, a cyclic pre?x inserter 304 and a 
radio frequency (RF) processor 306. 
[0026] The symbol data generator 302 generates a plurality 
of ranging symbols by cyclic-shifting sample data of the 
ranging symbol in one Orthogonal Frequency Division Mul 
tiple Access (OFDMA) symbol period as much as a siZe of a 
cyclic pre?x is multiplied to a symbol index. 
[0027] The symbol data generator 302 includes a ranging 
code generating unit 308, a ranging channel forming unit 310 
and an Inverse Fast Fourier Transform (IFFT) operating unit 
312. The ranging code generating unit 308 generates a rang 
ing code. The ranging channel forming unit 310 performs 
Binary Phase Shift Keying (BPSK) on the ranging code gen 
erated in the ranging code generating unit 308 to thereby 
produce a modulated ranging code, then performs phase 
rotating the modulated ranging code as much as a value 
obtained by multiplying a subcarrier index by a value 
acquired after multiplication of the ranging symbol index and 
the cyclic pre?x siZe, and thereby generates as many phase 
rotated symbols as a ranging symbol number L in consider 
ation of the ranging symbol index. The phase-rotated symbols 
are mapped to the subcarrier according to the subcarrier index 
of the ranging sub-channel. 
[0028] The IFFT operating unit 312 transforms L symbols 
mapped to the subcarrier into symbols of a time domain and 
generates sample data of L ranging symbols. 
[0029] The cyclic pre?x inserter 304 copies a rear part 
corresponding to a cyclic pre?x siZe in the sample data with 
respect to a plurality of ranging symbols generated in the 
symbol data generator 302 and inserts the copied rear part in 
front of the sample data as a cyclic pre?x. 
[0030] The RF processor 306 performs an RF process to 
transmit an initial ranging signal outputted from the cyclic 
pre?x inserter 304 to a base station. 
[0031] A method for generating an initial ranging signal in 
accordance with the present invention will be described with 
reference to FIGS. 5 and 6. FIG. 4 is a ?owchart describing a 
method for generating an initial ranging signal in accordance 
with an embodiment of the present invention and FIG. 5 is a 
?owchart illustrating a ranging symbol generating step S402 
of FIG. 4. 
[0032] As shown in FIG. 4, at step S402, a plurality of 
ranging symbols are generated by cyclic-shifting sample data 
of the ranging symbol in one OFDMA symbol period as much 
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as the size of the cyclic pre?x is multiplied to the symbol 
index. At step S404, a ranging signal is generated by copying 
a rear part corresponding to the cyclic pre?x siZe in the 
sample data With respect to the symbol section and inserting 
the copied rear part in front of the sample data as a cyclic 
pre?x. At step S406, the RF process is performed on the 
generated initial ranging signal to be transmitted to the base 
station. 

[0033] Referring to FIG. 5, at step S502, a ranging code is 
modulated and ?rst constellation symbols are generated as 
shoWn in the ranging symbol generating step S402. Modula 
tion may be performed according to the BPSK method. At 
step S504, after rotating the phase of the ?rst constellation 
symbols as much as the subcarrier index is multiplied to the 
multiplication of the ranging symbol index and the cyclic 
pre?x siZe, L ranging symbols are generated in consideration 
of the ranging symbol index. For example, When 3 ranging 
symbols are generated, L is 3 and the symbol index is a natural 
number betWeen 0 and 2. At step S506, the generated L 
constellation symbols are mapped to the subcarrier according 
to the index of the subcarrier. At step S508, sample data of the 
ranging symbol are generated by transforming the symbol 
mapped to the subcarrier into symbols of a time domain. The 
step of transforming the symbol mapped to the subcarrier into 
symbols of the time domain is performed according to Inverse 
Fast Fourier Transform (IFFT). 
[0034] FIG. 8 is a ?owchart describing a method for gen 
erating an initial ranging signal in accordance With another 
embodiment of the present invention. The BPSK modulation 
is performed at step S802 by generating a ranging code. At 
step S804, after performing phase rotation on the modulated 
ranging code according to the symbol index and the subcar 
rier index, L ranging symbols are generated in consideration 
of the ranging symbol index. At step S806, sample data are 
generated by mapping the phase rotated symbols to the sub 
carrier according to the subcarrier index and transforming the 
symbols into symbols of a time domain. At step S808, a rear 
part corresponding to a cyclic pre?x siZe is copied in the 
sample data With respect to each of the ranging symbols and 
inserted in front of the sample data as a cyclic pre?x. 

[0035] A principle of generating a ranging symbol in the 
present invention Will be described. 

[0036] When the BPSK modulation is performed on the 
ranging code in the frequency domain to continuously main 
tain the phase betWeen ranging symbols in the time domain 
and the ranging code is mapped to each subcarrier of the 
ranging sub-channel, speci?c phase offset is authoriZed in 
proportion to the index of each subcarrier. The speci?c phase 
offset is the multiplication of a symbol index 1:0, 1,2, . . . , and 

L-l of a time domain used in initial ranging and a cyclic 
pre?x siZe NCP. The present invention is based on a general 
principle that When speci?c phase offset is given to the index 
of each subcarrier in the frequency domain, a symbol pattern 
in the time domain appears in such a manner that samples in 
a time domain symbol are cyclic-shifted as many as a sample 
value corresponding to the speci?c phase offset. 
[0037] When the cyclic pre?x inserting procedure gener 
ally realiZed in the OFDMA system is performed on the 
symbol generated after IFFT based on the principle, a plural 
ity of OFDMA symbols having phase continuity as an initial 
ranging symbol can be generated Without additional com 
plexity. This principle is expressed as Equation 1. 
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Eq. 1 

Where s(n,l) represents an OFDMA symbol for lth initial rang 
ing having a sample index n after performing IFFT; k repre 
sents a subcarrier index; Ck represents a ranging code having 
a value 0 or 1 ; R represents an index set of the subcarrier in the 
ranging sub-channel; NFFT represents an FFT siZe; and NCP 
represents a siZe of a cyclic pre?x or a guard interval. 
[0038] In Equation 1, s(n,l) represents an 1th OFDMA sym 
bol of the ranging signal generated as the same ranging code. 
According to 1, each s(n,l) symbol has different cyclic-shifted 
formats. 
[0039] When the general cyclic pre?x inserting procedure 
of the OFDMA system is performed on each s(n,l), an initial 
ranging signal is generated. An example that tWo and three 
symbols are generated according to this method is as shoWn in 
FIGS. 8 and 9. 
[0040] FIG. 7 shoWs a con?guration and generation method 
of the initial ranging symbol in case of tWo symbols in accor 
dance With an embodiment of the present invention and FIG. 
8 shoWs a con?guration and generation method of the initial 
ranging symbol in case of three symbols in accordance With 
an embodiment of the present invention. When the 1 value 
continuously increases in case of four symbols, an initial 
ranging symbol can be generated by applying the same equa 
tion. 
[0041] A phase rotating process of the symbol mapped to 
each subcarrier of the ranging sub-channel in each s(n,l) 
symbol may be simply performed in the IFFT operation pro 
cedure by simplifying Equation 1. Equation 1 is changeable 
as shoWn in Equation 2. 

[0042] A general IFFT operation is expressed and per 
formed as jZJ'En/NFFT such as an index part of a second exp of 
Equation 1. HoWever, the present invention can simply 
acquire the same phase rotation effect of each subcarrier by 
performing an IFFT operation in the format of j2s'ck n+l~NCP/ 
NFFT including offset of l-NCP in an index part of the exp as 
shoWn in Equation 2, and generate a ranging symbol of a 
cyclic-shifted format in the time domain. A method for actu 
ally performing IFFT may be differed according to the real 
iZing methods but be based on the same principle. 
[0043] Compared With the conventional method, the 
present invention of the above con?guration does not require 
an additional signal process and buffer. Also, although the 
number of symbols for initial ranging increases, a plurality of 
OFDMA symbols for initial ranging can be simply generated 
by changing only the value of the symbol index 1 of Equation 
2. 

BEST MODE FOR THE INVENTION 

[0044] The method of the present invention as described 
above may be implemented by a softWare program that is 
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stored in a computer-readable storage medium such as CD 
ROM, RAM, ROM, ?oppy disk, hard disk, optical magnetic 
disk, or the like. This process may be readily carried out by 
those skilled in the art, and therefore, details of thereof are 
omitted here. 
[0045] While the present invention has been described With 
respect to certain preferred embodiments, it Will be apparent 
to those skilled in the art that various changes and modi?ca 
tions may be made Without departing from the scope of the 
invention as de?ned in the folloWing claims. 
What is claimed is: 
1. A method for generating a signal for initial ranging of an 

Orthogonal Frequency Division Multiple Access (OFDMA) 
system, comprising: 

generating a plurality of ranging symbols by cyclic-shift 
ing sample data of a ranging symbol in one OFDMA 
symbol period as much as a value obtained by multiply 
ing a cyclic pre?x siZe by a symbol index; 

generating a ranging signal by copying a rear part corre 
sponding to the cyclic pre?x siZe in the sample data With 
respect to each of the ranging symbols and inserting the 
copied rear part in front of the sample data as a cyclic 
pre?x. 

2. The method of claim 1, Wherein the symbol index is a 
natural number betWeen 0 and 2. 

3. The method of claim 1, Wherein said generating a plu 
rality of ranging symbols includes: 

generating ?rst constellation symbols by modulating a 
ranging code; 

rotating phase of the ?rst constellation symbols as much as 
a value obtained by multiplying a subcarrier index by a 
value acquired after multiplication of the ranging sym 
bol index and the cyclic pre?x siZe and generating L 
ranging symbols in consideration of the ranging symbol 
index; 

mapping the generated L constellation symbols to subcar 
riers according to the index of the subcarrier; and 

transforming the symbols mapped to the subcarrier into 
symbols of a time domain and generating sample data of 
the ranging symbol. 

4. The method of claim 3, Wherein the ranging symbol 
transformed into symbols of the time domain is represented 
as: 

Where s(n,l) represents an OFDMA symbol for lth initial 
ranging having a sample index n; 

k represents a subcarrier index; 
Ck represents a ranging code; 
R represents an index set of the subcarrier in a ranging 

sub-channel; 
NFFT represents a Fast Fourier Transform (FFT) siZe; and 
NCP represents a cyclic pre?x siZe. 
5. The method of claim 3, Wherein L is 3. 
6. The method of claim 3, Wherein Binary Phase Shift 

Keying (BPSK) modulation is performed. 
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7. The method of claim 3, Wherein said transforming the 
symbol mapped to the subcarrier into symbol of the time 
domain is performed according to an Inverse FFT (IFFT) 
method. 

8. The method of claim 1, further comprising: 
performing a Radio Frequency (RF) process on the gener 

ated initial ranging signal to be transmitted to a base 
station. 

9. A method for generating an initial ranging signal of an 
Orthogonal Frequency Division Multiple Access (OFDMA) 
system, comprising: 

performing Binary Phase Shift Keying (BPSK) modula 
tion by generating a ranging code; 

generating symbols phase-rotating the modulated ranging 
code according to a symbol index and a subcarrier index 
as many as the number L of ranging symbols, Which is a 
natural number equal to or larger than 2, in consideration 
of a ranging symbol index; 

mapping the constellation symbols to a subcarrier accord 
ing to the subcarrier index, transforming the constella 
tion symbols into symbols of a time domain, and gener 
ating sample data of L ranging symbols; 

copying a rear part corresponding to a cyclic pre?x siZe in 
the sample data With respect to each of the ranging 
symbols and inserting the rear part in front of the sample 
data as a cyclic pre?x. 

10. The method of claim 9, Wherein the ranging symbol 
transformed into symbols of the time domain is represented 
as: 

Where s(n,l) represents an OFDMA symbol for lth initial 
ranging having a sample index n; 

k represents a subcarrier index; 
Ck represents a ranging code; 
R represents an index set of the subcarrier in a ranging 

sub-channel; 
NFFT represents a Fast Fourier Transform (FFT) siZe; and 
NCP represents a cyclic pre?x siZe. 
11. The method of claim 9, Wherein L is 3. 
12. The method of claim 9, Wherein said transforming the 

constellation symbols into symbols of a time domain is per 
formed according to Inverse Fast Fourier Transform (IFFT) 
method. 

13. The method of claim 9, further comprising: 
performing a Radio Frequency (RF) process on an initial 

ranging signal generated to be transmitted to a base 
station. 

14. An apparatus for generating a signal for initial ranging 
of an Orthogonal Frequency Division Multiple Access 
(OFDMA) system, comprising: 

a ranging code generator for generating a ranging code; 
a ranging channel former for modulating the ranging code, 

generating symbols phase-rotating the modulated rang 
ing code according to a symbol index and a subcarrier 
index as many as L ranging symbols in consideration of 
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a ranging symbol index, and mapping the constellation 
symbols to subcarriers according to the subcarrier index; 

a transformer for transforming the symbol mapped to the 
subcarrier into symbols of a time domain and generating 
sample data of the ranging symbols; 

a cyclic pre?x inserter for copying a rear part correspond 
ing to a cyclic pre?x siZe in the sample data With respect 
to each of the ranging symbols, inserting the rear part in 
front of the sample data as a cyclic pre?x, and generating 
an initial ranging signal. 

15. The apparatus of claim 14, Wherein the ranging symbol 
transformed into symbols of the time domain is represented 
as: 

Where s(n,l) represents an OFDMA symbol for lth initial rang 
ing having a sample index n; 
k represents a subcarrier index; 
Ck represents a ranging code; 
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R represents an index set of the subcarrier in a ranging 
sub-channel; 

NFFT represents a Fast Fourier Transform (FFT) siZe; and 
NCP represents a cyclic pre?x siZe. 
16. The apparatus of claim 14, Wherein L is 3. 
17. The apparatus of claim 14, Wherein Binary Phase Shift 

Keying (BPSK) modulation is performed on the ranging 
code. 

18. The apparatus of claim 14, Wherein the transformer 
performs Inverse FFT (IFFT). 

19. The apparatus of claim 14, further comprising: 
a radio frequency (RF) processor for performing an RF 

process on the initial ranging signal generated to be 
transmitted to a base station. 

20. An apparatus for generating an initial ranging signal of 
an Orthogonal Frequency Division Multiple Access 
(OFDMA) system, comprising: 

a symbol data generator for cyclic-shifting sample data of 
a ranging symbol in one OFDMA symbol period as 
much as a value obtained by multiplying a cyclic pre?x 
siZe by a symbol index and generating a plurality of 
ranging symbols; and 

a cyclic pre?x inserter for copying a rear part correspond 
ing to the cyclic pre?x siZe in the sample data With 
respect to each of the ranging symbols and inserting the 
rear part in front of the sample data as a cyclic pre?x. 

* * * * * 


